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TECHNICAL NOTE NO. 1306

AFRODYNAMIC CHARACTERISTICS OF THRER

PLANING~TAIT. FLYING-BOAT HULLS
By Campbell C. Yates and John M Riebe

SUMMARY

An investigation was made fto debtermine the asrodynsmic character-
istics of three planing-tall flying-boat hulls which differed only
in the emount of step fairing. The hulls were derived by altering
the step and afterbody of a conventional flying~boat hull having
a transverse step.

The investigation indicated thet the plening-tail hwll with a
large pointed step had about the same minimum drag coefficient, 0,0065,
as the previously tested conventional hull of the same over—-all
length~beam ratio. The hulls with step fairing, which are thought
to be hydrodynamically acceptable, had up to 18 percent less minimum
drag coefficient than the conventional hull or planing-tail hull
with a largs pointed step. The angle of attack for minimum drag
was generally in the angle—of-attack range from 3° to 5°. Longitudinal
instsgbillty and lateral instability were similer for gll plening—
tall hulls tested and were aboub the same ag for the conventional
hull,

INTRODUCTION

In view of the requirements for increased range and increased
speed 1n future flying-boat designs, an investigation of the aerodynamic
characteristics of flying-boat hulls as affected by hull dimensions
and hull shape is being conducted st the Langley Memorial Aeronautical
Laboratory. The results of one phase of this investigation, the
effect of length~beam ratio, are pregented in reference 1.

References 2 and 3 present numerous hydrodynamic advantages
and dlsadvantages of the planing-tail hull. Sufficient information,
however, was not availeble to permit an snalysis of the asrodynamic
qualities of this type of hull, In order to provide such information,
the present investigation was made to determine the aerodynamic
characteristics of three planing-tail hulls which differed only in
the amount of step feiring,
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A1l aerodynamic characteristics determined include the effects
of interference of the support wing., Throughout the present paper,
the term "asrodynamic characteristics" will be used to indicate
serodynamic cheracteristice which include wing interfersnce.

COEFFICIENTS AND SYMBOLS

The results of the present teste are ypresented as standard
KACA coefficients of forces and moments. Rolling-moment, yawing-
.. moment, end pitching-moment coefficients ars given about the location
(wing 30—percent—chord point) ghown in figurs 1.

Except whers noted, the wing ares, measn serodynamic chord, and
span of & hypothetical flying boat deiived from the Boeing XPEB~L
flying boat ars used in determining the coefficients and Reynolds
number. The data are referred to the stability axes, which are a
system of axes having their origin at the center of moments shown
"in figure 1 and in which the Z-exis is in the plane of symmetry
and perpendicular to the relative wind, the X-axis is in the plane
of syumetry snd perpendicular to the Z—-axis, and the Y-axis is
perpendlcular to the plane of symmetry. The positive dlrections of
the stebllity axes are shown 1in figurs 2. -

The coefficlents and sywbols are deflned asg follows:

oL 1ift coefficient (Lif’“
Cp drag coefficient (DF
Cy ) lateral-force coefficient CAL
Cy rollingwmoment coefficient (—L~
. Cp 'pitching-moment cecefficient ( )
qSé
Cn ’ yawing-moment coefficient (——~)
qSbh
CLift = 2

Drag

ft

—X when ¥ =.0
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X force along X-axis, pounds

Y force alcng Y-exis, pounds

A force along Z-axis, pounds

L rolling moment, foot—pounds

M pitching moment, foot—pounds

N yewing moment, foot—pounds

q free—gtream dynamic pressure, pounds per square foot G%;)

] wing erea of i%-—ecale model hypothetlcal flying boat
(18.264 sq 7t)

c wing mean aerodynamic chord (M.A.C.) of f%-scale model
hypothetical f£lying boat (1.377 ft)

b wing span of f%m-scale model hypothetical flying boat
(13.971 %)

' air veloclty, foet per second . }

p mass density of air, slugs per cubic foot

a angle of attack of hull base line, degrees

¥ angle of yaw, degrees

R Reynolds number, based on M.A.C. of fa-scale model
hypothetical flying boat

o
oo = 52
o
y = 55
o - x
LAY

when a subscript for the pertiel derivatives is used herein, the
subscript indicates the quantity held constant,
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MODEL AND APPARATUS

The hulls (models 2214, 221B, and 221C) wers designed by the
Langley Hydrodynemics Division by altering the step and afterbody
of hull 203 of reference 1l from considerations of the results given
in references 2 and 3. Dimensions.of the hulls are given in
Pigure 1 and 1n tebles I to III; sketches of the step fairings are
glven as figure 3.

Only one hull was constructed for testing. Treansformation from
one configuration to another was facilitated through the use of
interchangsable blocks as shown in figure 3. The hull and inter—
changeable blocks were of laminsted-mehogeny construction and were
finished with pigmented varnish.

The volumes, surface areas, and meximum cross-sectional areas
for the-throe hulls are compeared in the following table:

Maximuon crose—
man | TRy | P et | soctional ares | S 5008
221A | 12,643 4638 182 . 1765
221B | 12,464 4626 182 - 1Th2
221l¢c | 12,499 h6e1 182 1749

The hull was attached to a wing which was mounted horizontally
as shown in figures 4 and 5. The wing (whick was the same as that
of reference 1) waes set at an incidence of 4° on all models, hed a
20~inch chord, and was of the NACA 4321 alrfoil sectlon.

TESTS

Test Conditions

The tests were made in the Lengley 300 MPH 7— by 10-foot tunnel
et dyneamic pressures of approximately 25 and 100 pounds per square
foot corresponding to airspseds of 100 and 201 miles per hour,
respectively. Reynolds numbers for these airspeeds, based on the
moen asrodynamic chord of the hypothetical flying boat, were approxi-—
mately 1.30 X 10® and 2.50 X 10®, respectively. Corresponding
Mach numbers were 0.13 and 0.26.
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Corrections

Blocking corrections have been applied to the wing-alone data
and to the wing-and-hull data. The hull drsag has been corrected far
horizontal-buoyancy effects caused by a tunnel static—pressure
gredient. Angles of attack have been corrected for structural

deflections caused by aerodynamic forces.,

Test Procedure

The serodynamic characteristics of the hulls with Interference
of the support wing were determined by testing the wing alone and
the wing—and-hull combinations under similar conditions. The hull
asrodynamic coefficients were thus determined by subtraction of
wing-alone coefficients from wing-and-hull coefficlents. o

Tests were made at two Reynolds numbers. The data at. the higher
*‘Reynolds number was limited to the angle—of-attack range shown
because of structural limitations of the support wing.

In order to minimize possible errore resulting from transltion
ghift on the wing, the wing transition was fixed at the leading
edge by means of roughness strips of carborundum particles of
approximately 0.008-inch diameter., The particles were applied for
a length of 8 percent airfoil chord measured along the airfoil
contour from the leading edge on both upper and lower surfaces.

Hull transition for all tests was fixed by a strip of 0.008-inch-
diemeter carborundum perticles 1/2 inch wide and located at approxi-—
mately 5 percent.of the hull length aft of the bow.  All tests were
made with the mounting setup shown in figures & and 5. B

RESULTS AND DISCUSSION

The aerodynamic characteristics of the pléniﬁg~tail mulls in
pitch are presented in figure 6; asrodynamic characteristics in yaw
are given in figure 7.

Substantial reductions in minimum drag were attained by fairlng
the step of the planing-tail hull. (See fig. 6.) ZLongitudinal
instabllity, lateral instability, and the angle—of—attack range
for minimum drag (3° to 5°) were generally the same for all hulls
tested. (See figs. 6 and 7T.)
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In order to compare the serodynsmic charecteristics of the
planing-tail hulls with the esrodynamic characteristics of a
conventional hull, the minimum dreg and stability parameters of
the three hulls are given with those of hull 203 of reference 1
in table IV. The drag data presented sre for a Reynolds number
of approximately 2,500,000, ; - C

Hull 203 was used 1n the comparison because it has the same
over-~all length, meximum cross-gectional ares, shape of forebody,
over=-all length-beam ratio, and about the same volume and surface
aresa ag8 the planing-tail hulls of the present investlgation.

A comperison of the drag date for the planing-tail hull 221B
with that for hull 203 (refeience 1) shows the drag characteristics
throughout the pitch range to be very similaer; the minimum drag
coefficient was about 0.0065 for each hull. Substantial decreases’
In drag coefficlent resulted for the hulls with step fairings,
although neither fairing eliminated the step discontinuity entirely;
the depth of step usged was considered the probable minimum which
could be allowed without excessive hydrodynamic penalties. The
following percentags reductions in drag were obtained based on the
drag of hull 221B or the conventional hull: hull 221C (concave
fairing), 12 percent; hull 221A (fairing spproaching straight-line
elemsntss, 18 percent. : N

Reference 1 indicates that about a 1l5-percent reduction in
drag showld result if a step fairing is added to hull 203. From s
consideration of this reduction in drag end the similar drag of
hulls 221B and 203, it follows thet en extension of the sternpost
to the end of the hull probably has a smell effect on drag. The.
chief eserodyneamic adventage of the planing-tail hull, thqrefore,'
eppears to be dependent upon the amount of nonretractable step
fairing which can be used hydrodynemically as compared with the
emount that can be used on a conventional hull.

Longitudinal instability, measured by OCp,, ~Wwas the same for
the plening-tell hulls as for the conventlonal hull, and lateral
inetability was sbout the seme. At an angle of attack of 2°, Cn¢ for
the plening~teil hulls was 0.0002 less than for the conventional hull.
At en angle of attack of 6° the opposite effect was produced; an
for the planing-teil hulls was 0.0002 larger.

In order to compare the resulis of these tests with results of
investligations mede of other hulls and fuselages the parameters K,
Xpp' /oY, eand An/OB, as derived from references 4, 5, and 6,
regpectively, are included in teble IV. The parameter Ke is &
Fuselage moment factor, in the form of dCy/dx, based on hull beam
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and length, where « 1is in radlans. The yawing-moment coefficlent
Cnf' in BCnf’/BW’ is based on volume and is given about a

reference axis 0.3 hull length from the nose The parameter OCn/Op
is-based on hull side area and length, where the yawing moment is

also given about a reference axis 0.3 hull length from the nosee

and B is given in radians Instability as given by the parameters
Cnet/OV¥! end OCy/ /OB generally agreed closely with the hull

. values given in references 5 and 6.

" CONCLUSIONS

The results of tests to detsrmine aa“od;namic characteristlcs
of three planing-tsil flying-boat hulls, derived by altering the
step and afterbody of a conventlonal hull, 1ndicate the following
concTusions' _ -

+ 1.-TFhe planingrtail hull with a large pointed steg had about
the seme minimum drag coefficient, 0.0065, as that of a conventional
hull;the hull with a coneave step falring and that with a fairing
which approaches straight line elements had lh and l° percent less -
minimum drag, respectively .

2. The angle—of-attack range for minimum d"ag was generally between
3% and 5° for ell planing—tail hulls tested. R

3. Longitudinal instability and lateral instability were the
same for all plening-tail hulls and were about the ssme as that of
the conventional hull.

Langley Memorial Aeronautlical Iaboratory
National Advisory Committes for Aeronautics
Langley Field, Va., March 11, 1947
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"ABLE I

OFPSETS FOR LANHEY TANK MODEL 227A

(131 d1mensicna are 1n hu:hn]

Bottos of Enll - heights and helf-breadths
sta hord ﬁ:‘,"‘,‘q% e RitR) e
tlonl H'» |hase |baze} at | D8IC 1 1
Lize | 1ine | ehine T AR EIRREIEEIRE I R
r.P, Q 10.30]10.30{ © 4]
1/2] 2a3( 5..9] 8.30{ 230 2.30 648 ) Tko | 8.1k Pu32
1 k25| 3.76| 6471 3.06| 3.06 .52 [5050 | 6409 Bu56 | 6.77 |6.72
2 8,501 1.83| k.sS9| 3.86| 3.8 2.40 | 2.96 | 3453 ho@ | 4.38 |ha60 | bl
3 | 12.75) .80] 3.24f k.32{ k.32 1.21 1,64 | 2,06 puig | 2.85 |3.10 | 3.25 |3.28
k | 17.00f .27) 2.36] h.61] L.62 <59 ) 92 | 1.25p,58 1.8'5 2.1 | 2433 J2.42 ) 2.38
5 21.25] JO) 181 B3| B.T9 29| 55 Hopeol | 1,30 §1.52 | 170 [1.82 | 1.85
6} 25.50{ o 1.51] k89{ k.89 Jdel Jo 59} .78 <98 118 | 1,35 jLL6 | 1.52
T1{ 29.15(0 140] k92| keg2 |19.99115.07 Q S8} 36 551 T3 «92 [1.09 | 1.23 |1.33 | T.40
) 3:.004 © 140 k.sz{ L.925 | 20.000 25,08 ] A8 1 436 o5 T3 o52 [1.09 | 1,23 j1.33 | 140 J2,72 |4.9250 h.925 he92%] b.925 k.sz{ |
9 | 38.28| 0 1.39] 5450} he923 |20.00015,08 36 ] 1.09 1,33 2,72 14,72 | ho92% heg2q ko925| ko929 k.9
0 [ kaso] o | 1a2f 3.ak| k.25 [20.0025.08 36 B 1.09 1.9 2,72 k20 [4e90 | 592! &.m,h.ﬁk.
1 | k6.15| 0 26] 73| 925 |20.00{15.08 59 152 2,08 2.9 1.57 {2493 {4428 | Bo92 he925ihe92d koo
u&r. ol o fo bos25 |20.00015,08 .90 1.59 2.29 3.00 1,16 |2.57 |ke00 J k90 | b.g25)k .92 b.o2s
ub. k7.90] .20 54925 | 20,001 15,08 90 1.59 2.29 3400 1.16 12,57 | k00 | k90 | ha925{ke929 ko
12 | 51.00{ .98 5.925 | 20,008 15,08 1.69 2,32 2.9 3.58 0L {148 3410 | keST7 | hag25]keg2d h.:j
13 | 55.25] 2.1 by |20.00015.09 2,70 Sudly 3.79 b33 1453 {539 | 587 jheo1 | koo
% | 59.50] 3.1 £.86 |20,00015.1% 3.63 ko1l B459 5408 Lo7h § 385 {L.86 | k86
15 | 63.75) L.os ho75 {20.00{13.25 hel8 heo 534 5.78 2.21 jhobt | ka7s
16 68,00y k.86 k.61 ]20.00§1%.39 525 5466 6.07 6.46 W32 j2.0 | ka2
17 | 72.2%] 5.62 L3 [20,00025.57 §.01 .39 § 6,77 T34 981 35.60
18 | 76.50] 6.32 ka7 }20,00015,.83 6.69 7.06 T2 7.79 1.82
1y } 8o.7% 6.981 8.38 3.87 |20.00{26.13
20 | 85.00} 7.59] 8.86 3.50 |20,00§16.50
21 | 89.25| 8.20] 9.32 3.08 120,00}18.92
22 | 93.50] 8.80f 9,76 2,61 }20,00{17.39
23 97.75} 9.k1|10.20 2,15 |20.00{17.8%
2, |102.00{20.05|10.6, 1.69 [20,00{18.31
25 |106.25]10.4 11008 1.22 |z0.00{18.78 |
2¢ }110,50|11.25]11.52 76 }20.00{19.2k
27 j1h.75{11.85)12.96 #31 | 20400{19.69
A.P. | 136.65[12.12[12.16 .10 }20,00{19.90
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TABLE XY
QFFSITS FOR LANGLEY TANE HODEL 2218

{a21 aimenaicns are in inches) . — . —

-— - .o X
sta- Xeed [oove | Chanafmaae | Padius BHght Kane of [ingre Dovton Sf Bl - belghts 4nd hals breedthe
Sa . g et | S (B, pte 8] Sy . .
1ns [1ine | 1ine | | Dase {m-’ -
| [k e A s A A & 2] o] 3] 5] 5] 5]+ -
e | o |10a0 wsofe | o 1,00f 100}
/2] 2.3] sd9 8.30[2.30 | 2,30 |2k.29{ 12,98 | 1o }68 |79 | 8.4 Bu32
1 Leas| 3a6] | 6.71[3.06 | 3,06 [13.72| 22,66 ] 10 k.52 |s.50 | 6.09 fsse | 6u77 612
2 { 8,50 1.83 ba59)5.86 | 3,86 |17.36] 1550 | 10 [2.80 2,96 | 553 hoor | B3 {560 | L&
5 | 12.75] .80 Suahlhos2 | b3z |2842] .08 10 |1, f1.& | 2.06 R.49 | 2.35 |3.10 | 3.25 | 5.28
k| 17.00] .27 2.56[561 | Le6L  J19.12{ 52| 20 | 597 .92 | 1.25 .58 | 1.89 2,0 2,33 | 2.42 | 2.38
s | .29 o L1811ka79 { Lo79  {29.600 82| 10 | 29 88 B0 R0k | 1,30 (1,52 | 1,70} 1.82 | 2.65
6 | as.s0f 0 15000489 | 4o89 [39.88] 1ha99| 5 { a9 Lo 59] .78 | .98 |18 | 133146 | 132 ’
T | 9.5 ¢ 140[5.92 | 492 [19.99) 25.07| o | .28] .36 51T «92 11,00 | 1,23 {2,335 | 150
8 } 34,00} 0 |2.,06} 2.06[h.925] L.g2s |20.00 25.08| o | .18) .36 S5].13 1 W92 [2.09 | 1.23 | 1,35 | 1.h0f2.72 |ko925{ 0925 [h.925 ko528 [k 925 [k 028
¢ | 38.257 0 Jasi] 2.67|4.50 [ L.gas [20.00] 15.08 36 a5 2,09 1,33 2072 | RT3 {ka925[h.925 (b 925 [k o925 [l 928
20 | k250l 0 [2.63{ 3.28]3.x | k925 |20.00{ 15.08 «36 5 .09 1.91 2072 1he10 15490 tha925(%1929 fi.926 [} 929
1r | h6.75] 0 E.s‘ 389 73 | k925 [20.00{ 18.08 «59 L.32 2,05 2.7 L.37 [2.99 [6.28 |h.sesib.9as5 925 (1. 92%
nﬁr h7.50f 0 |2.27f h.o4jo ko925 |20.00] 135.08 90 h.59 2429 3,00 116 [2.57 {500 |b.90 |k.925 fa925 [ 025
n.tn h7.90 2.27 k.04 L.925 [20,00] 15,08 «$0 1.59 2,29 3.00 1016 257 5000 [iea90 [ho925 fho92sfh 92
12 | 81,00 2,71 k.30 h.9as | 20.00f 15.08 1.69 232 2% 3,58 01 1108 13,10 (L57 [k,925 Ma92e k.5 :
13 | 5%.2%1 3.32 5l L.9y [ 20400 15.09 2.76 5o 3.79 b33 153 (5039 |kebT fhotl (L1
U | 59.50] 3.93 5.70 L.86 ] a0.00] 15414 3.63 b.11 L.y 5.08 LoTh 15405 Hi.86 1h.86
15 63.75] LSy §.27 Lot 20,001 15.2% L8 [be90 5e3 5.78 221 Kohl (kT
16 | 6B.00| 545 6.83 b6l | 20,00} 13,33 523 566 6.01 C]eas o52 [2.82 [h.6L
17 | 72.25] 5.76] Tu57 43 | a0.00| 1557 3 635 6,77 Tolh 98 13,6t
18 | 76.50] £.57] 789 b7 ] 20.00| 25,83 69 17406 742 7.7% 1.82
19 | 80,75 6.98 8.28 3.87 | 20.00] 26.13
20 | 85,00{ 7.59 8.86 3.50 | 20.00| 16,50
21 } 89.25{ 9.20 932, 3.08 | 20.00] 16,92 .
22 | 9.50 8.8 9.7 2.61 | do.00f 17.39
23 | 97.15) 9.42) 10,20 2as | 20.00{ 17,05
2, | 102.00{10,03 20,64 1.69 | 20.00{ 28.50
25 | 106.25)10.44 11,08 1.22 | 20.00| 18,78 .
26 | 110,50{11.2| 11,58 16 [ 20,00{ 29.3;
27 | 1h.78{11. 11.96 «31 | 20,00 19.69
AP | 116.65{12. 12,16/ «20 | 20,00} 19.90
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TAILE III ~
OFPSETS FOR LANGLEY TANK MOTEL 2210

[A11 dimensicts are in inches)

Bottom of bnll — Meights and half breedihs

Bta- | Keel [Gnine|Raye | Radine |Neghtiine off Angle Buttocks Vi
tion| _to |abovelabovelb [ o 2
N e I S fi T
o Ry e ouctec | Tine Wl gl 2| 3 e |2 B v ]2} s)T
rr. | o |r.30[10.300 [ 11400 13,00
/2 | 2.15] 349) 8.30]2.30 | 2.30  [1h.29 [ 11,98 | 20 (6.8 (749 | Q.ah P.32

1 ko281 3.76] 6.T1{3.06 | 5.06 |15.72132.66 ] 10 [L.52[%5.30 | 6.09 .56 | 67T ] 6.2

z 8.50( 1.83] 4.59{5.86 | 3.86 [17.36)15.50( 10 [2.40[2.96 | 3.55 heor | k38| kb0 | K&

53 | 12.75| 80| 3.2hihe32 | k32 18.41 | 1508 | 20 [1.21 [2e6h | 2406 Rub9 | 2.85 | 3.10 | 3425 |5.26

b ] 17.00f 27| 2.36)he62 | Bo62  [19.12 | 252 | 20 | 59 F o52 | 2e25 R3S | 2.89 | 2,14 | 2.53 | 2.2 | 2.58

S | 2x.25) oob] 1.810k.79 [ ko9 |19.60| 2482 | 10 | 29| .55 o80 JLo0l | 1430 2052 | 1470 | 2.82 | 2485

6 | 25.50) 0 1.51[h.89 | L.89 |[29.88|1k.o8| 5 19| &0 59| o78 o598 | 1,18 | 3033 [2.46 | 1.52

7 | 29.75} 0 2hofhe92 | heo2  [19.99|35.07f o | 8| 36 o851 73 | o952 | 2.09 | 1,25 |1.33 | 140

8 | 3%.00|0 L40(k k925 [20.00|15.08| 0 | «18] .36 S50 o3 | 522409 § 1,25 2033 | 1.k0 [2.72 [he325ihe9ast 929 he92Y k.925|4.925
9 | 28.25| 0 1.39]k 80| L.525 |20.00) 15,08 J6 5 1.0% 1.5 272 [567 |ho925] ko929 ho92% 5925 [4.925)
10 | k2.soj o 2612{3.2k | L.925 |20.00| 15,08 > 03 1.09 245 2.72 |5.59 |58 | he92q h.92% ho925 (k925
1 | ké.15| 0 26 73| Be925 |20.00] 15,08 o 2,06 2.1t 3.33 1,05 |1.9% ] 3.k0 [ 592 | ko928 hos25]{ke925
ugr | kr.0fc |o o R92 |20.00| 25.08 162 k43 3. 382 &5 {140 §2.97 | k79 | ho92g hoozs b
u&k LT1.9¢| 20 ko928 |20.00} 15,08 1.6 2 45 .02 3.52 55 (150 §2.97 { ke | ho92Y ha9231hey
12 | s1.00f 2.08 ko925 [20.00] 15.08 .6k 3,13 3.60 koS 2.72 | 3,89 | ko929 h.925{k.
13 55.25| 5.12 i k.92 [2d.00{ 15509 3452 353 [ %3] [ 03 2,1% 1 8,72 | k.92 (k.52
i | 59.50] 3.88 k86 [20.00] 15,2k B heb2 k99 8.5 +29 | 3.02 [ ha86 {586
15 | 63.75| hest kTS | heTs  |20.00] 15.25 ks .50 5.3% 5.18 kA {heTs
16 | 68.00] 5.15 LefL| he6L |20.00] 15.39 523 3066 6.07 £ 2.81 |hJ2
17 | 72.2%] 5.76 ko3| 43 [20.00f 15.57 §.01 639 &7 7.5 96 |3461
18 | 76.50[ 6.37 57| ko7  |20.00f 15.85 6.6 7.06. Teh2 7. 1.82
19 | 80.75| 6.98 3.87| 3.87 |20.08( 1613

20 | 85.00f 7.59 3.50 |20.00| 25,50

2 | 89.25] 8.20 3.08 }20,00] 16,

22 95.70] 8.80 2.61 20.00| 1739

23 STeT5} 9L 2.5 20,00] 1795

2 | 102.00}10.03 1.49 |20.00 18,31

a3 |108.asl10.4 1.22 |20.00) 18,78

26 120.50|11.25 o786 |20.00] 1942,

21 {uk.73|11.85 31 | 20.00] 1959

A.P. | 116465 22,12 a6 |20.00] 29.90
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TABLE IV

MINIMOM DRAG COEFFICIENTS AKD STABILITY PARAMETERS FOR LANGLEY TARK MODELS 221A, 221B, 221C, AND 203

N ORI CRORCORGOBENC
=20 a=6 =20 =60 =20 a=b =2 a=6°
221A [0.005%(0,0050{1.10| 0.00%0 0.0030 0.0610 0.0012 —0;086 -0.115 0,024 0.033
2218 | L0065| .0050|1.10] .00MD .0030 0010 .0012 ~.087 ~.117 .025 +033
2210 .005__8 .0050/1.10 .00k0 .0030 .0010 .0012 - —.087 -.116 .025 .033
203 | .0066| .0050{3.10f .0051 ‘| 0050 .co12 .0010 ~.100 -.088 .;27 .023
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Meodels 221A,2218 221C Models 2214 221C Model 2218
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Figure /. ~Lines of Langley tank models E21A,2215, and 22]C.




Fig. 2 | NACA TN No. 1306

X =<

Relative wind
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Figure 2.- System of stability axes. Positive
valves of forces, moments, K and angl/es are
indicated by arrows.



NACA TN No. 1306

Hull 221G

Figure 3.- Step fairings of planing-tail hulls 221A,221B,and 221G .
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Figure 4.-

NACA
L MAL 46476

NACA planing-tail hull model 221C mounted in the
Langley 300 MPH 7- by 10 ~foot tunnel.
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NACA
LMAL 46188

Figure 5.- Wing-alone mounting of the planing-tail-hull investigation
in the Langley 300 MPH 7- by 10-foot tunnel.
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NACA TN No. 1306 Fig. 6a
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Fig. 6b NACA TN No. 1306
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NACA TN No. 1306 Fig. Ta
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Fig. b NACA TN No. 13086
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